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  Abstract 
The depth and vertical movements of Atlantic sturgeon (Acipenser oxyrinchus oxyrinchus) and 
shortnose sturgeon (Acispenser brevirostrum) at Bucks Ledge (river kilometer 21) in the 
Penobscot River were examined to investigate sturgeon depth preferences and jumping habits. 
The purpose of this project was to expand knowledge on the endangered and threatened sturgeon 
populations in Maine waters. Behavior of 20 individual sturgeon (6 Atlantic sturgeon and 14 
shortnose sturgeon) was used to characterize fish depth as it varied with water depth, e.g., in 
relation to tidal periodicity or not (random). The study used depth data collected using acoustic 
telemetry between 2007 and 2014. A receiver on the bottom of the river recorded depth from fish 
tagged with acoustic transmitters and pressure sensors. Many of the recorded depths of all six 
Atlantic sturgeon and 11 of the 14 shortnose sturgeon fluctuated with the tide (tidal behavior), 
meaning they remained at the bottom of the water column, throughout multiple tides; on average, 
the proportion of the time the fish spent at Bucks Ledge doing tidal behavior ranged from 0.16 to 
0.52 per season. There was a great deal of variability, with standard deviations ranging from 0.08 
to 0.2, but depth observations of Atlantic sturgeon had more tidal periodicity while shortnose 
sturgeon depths were more random. Atlantic sturgeon also spent more time at Bucks Ledge than 
shortnose sturgeon did during the days they were present in this area. There were minimal 
seasonal differences in depth use for both species. Recorded depths of less than 0.5 meters were 
assumed to be jumping points. There were 14 sturgeons with depths of less than 0.5 meters, for a 
total of 33 data points. The majority, 73%, of the jumping points occurred during the flood tide, 
and 67% of jumping points occurred within three hours of low tide. These results indicate 
sturgeon may jump more commonly at certain stages of the tidal cycle, suggesting a link between 
gas bladder function and sturgeon jumping. 
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Introduction 
Atlantic sturgeon (Acipenser oxyrinchus oxyrinchus) and shortnose sturgeon (Acispenser 
brevirostrum) are anadromous fishes (Bain, 1997; Dadswell, 1979). Atlantic sturgeons spend 
much of their lives in the ocean, but return to rivers to spawn (Bain, 1997). Atlantic sturgeons are 
found from the coasts of Canada to Florida (Smith and Clugston, 1997). They tend to stay in 
coastal waters, especially around estuaries and bays, but may move further out over continental 
shelf waters (Smith and Clugston, 1997). As subadults, they spend two to six years in river 
environments before typically moving into marine waters (Bain, 1997). Even after moving into 
marine waters, subadults may return to estuaries during warm periods of the year (Bain, 1997). 
Shortnose sturgeons inhabit the east coast of North America in large river systems from Florida 
to Canada (Dadswell, 1979). Subadult shortnose sturgeons spend time largely in estuarine areas 
of rivers (Bain, 1997).  Shortnose sturgeon were believed to stay in their river of origin, but 
recent evidence indicates shortnose sturgeon do use the marine environment (Dionne et al., 
2012).  
Many sturgeon populations have shrunk to low numbers due to human activity 
(Stegemann, 1994). Extensive sturgeon fishing began during the industrial revolution in the 
1700s. It was not until the 1900s that sturgeon populations were regarded as dangerously low, 
and fishing ended by regulation (Stegemann, 1994). While shortnose sturgeon were listed as 
endangered throughout their range under the Endangered Species Preservation Act in 1967 
(NOAA, 2014a), moratoriums to end harvesting of Atlantic sturgeon in coastal and Federal 
waters did not occur until 1998 (NOAA, 2014b). More recently, the Atlantic sturgeon of the Gulf 
of Maine has been listed as threatened under the United States Endangered Species Act (NOAA, 
2014b). Sturgeon populations are still recovering from overfishing because it takes many years 
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for them to mature and produce offspring (Stegemann, 1994). The construction of dams has 
made it harder for sturgeon populations to recover because dams restrict access to river habitats 
that are important to sturgeon reproduction (Dionne et al, 2012).  
Atlantic sturgeon and shortnose sturgeon are present in the Penobscot River (Fernandes et 
al., 2010). Atlantic sturgeons in the Penobscot River move into the river’s estuary in summer, 
and return to the ocean by fall (Fernandes et al., 2010). When Atlantic sturgeon were tagged in 
2006 and 2007, 88.6% of the sturgeon caught for tagging were between river kilometers 21-24.5 
and tended to remain in this area during the spring and summer (Fernandes et al., 2010).  
Shortnose sturgeon live in the Penobscot estuary and river all year, moving from the upper 
estuary that they inhabit fall through spring to the middle estuary for the summer (Fernades et al., 
2010). Shortnose sturgeons aggregate around river kilometer 21, the region known as Bucks 
Ledge, in May and June (Fernandes et al., 2010). In late summer shortnose sturgeon move up 
river (Fernandes et al, 2010) and by winter many aggregate in the same location (river kilometer 
36.5) annually (Fernandes et al., 2010).  When shortnose sturgeons were caught for tagging in 
May and June 2007, all but one fish were caught between river kilometers 21 and 23 (Fernandes 
et al., 2010). River kilometers 21-24.5 seem to be important habitat for shortnose and Atlantic 
sturgeons. This tidal section of the river has tides ranging approximately -1 meter to 5 meters, 
with an average daily water height change of 3-4 meters.  
Sturgeons have unique appearances and behaviors (Stegemann, 1994). There are records 
in the 1700s of sturgeon 680 kilograms in the United States (Stegemann, 1994).  They can live 
more than 60 years (Stegemann, 1994). This fish has a prehistoric appearance with external 
scutes, instead of scales (Stegemann, 1994). Sturgeons are bottom feeders that use barbels to find 
food (Stegemann, 1994). The Atlantic sturgeon can be over 4 meters long (Smith and Clugston, 
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1997). Female Atlantic sturgeons do not mature until they are 7-28 years old with fish in the 
north maturing slower than those in the south (Smith and Clugston, 1997). Shortnose sturgeon 
may grow to about 1.2 meter in length (Kynard, 1997). Females mature between ages 4 and 18 
years, with fish in the northern range taking longer to mature than those in the south (Kynard, 
1997).  
These large fish also have the unusual activity of jumping almost 2 meters out of the 
water (Thorn and Falgiani, 2013). There are many species of fish with the behavior of jumping 
out of the water. In other fish species, jumping behavior has commonly been attributed to 
catching prey, escaping from predators, and maneuvering over obstructions in their path during 
migration (Soares & Bierman, 2013). The archer fish, Toxotes microlepis, has been observed 
catching insects and other prey items by jumping out of the water (Soares & Bierman, 2013). 
The flying fish, Genus Exocoetus, glide above the surface of the water to avoid predators, such 
as dolphins and squid (Rayner, 1986). The Sockeye salmon, Oncorhynchus nerka, need to jump 
over obstructions, such as dams and waterfalls, as they move up river during spawning times 
(Lauritzen et al, 2010). Trinidadian Guppies (Poeciilia reticulate) were found to jump 
spontaneously, in no reply to specific stimuli, like prey or predators, and jumped as frequently in 
a group as alone (Soares & Bierman, 2013). Researchers suggest the guppy jumps may be for 
dispersal to decrease the chance of inbreeding, which is otherwise hard to overcome because of 
the geographic limits of their environment (Soares & Bierman, 2013). Each of these species are 
much smaller in size than sturgeons, which makes it peculiar that a large fish like sturgeon would 
partake in this behavior typical of smaller fish.  
There are many hypotheses to explain why sturgeons leap, but the exact reason is 
unknown. One hypothesis proposes sturgeon jumping is for communication purposes (Sulak et 
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al., 2002). A study of Gulf sturgeon in Florida investigated when jumping was most frequent in a 
freshwater non-tidal portion of the Suwannee River and studied the sounds generated during 
sturgeon jumping (Sulak et al., 2002). They found that sturgeon jumping has a unique sound, 
supporting the possibility the jump is used for communication (Sualk et al., 2002). Other 
hypotheses include jumping to catch prey, fleeing from predators, removing eggs, mating 
behavior, removing parasites, and taking in or ejecting air from the gas bladder (Sulak et al., 
2002). None of these are confirmed explanations of the behavior, so the mystery of why 
sturgeons jump persists. 
A study on Chinese sturgeons explored sturgeon gas bladder function by placing data 
loggers on fish (Watanabe et al, 2008). They found fish swam off of the river bed, surfaced out 
of the water, and then swam down to deeper depths than where they had been before the 
surfacing event (Watanabe et al, 2008). The researchers suggest the reason for this behavior is to 
gulp air to fill their gas bladder so they can descend to deeper depths (Watanabe et al, 2008).  A 
similar hypothesis was posed to explain the jumping behavior of carp (Horton & Gonzalez, 
2005).	  Carp are a large freshwater fish that can weigh over 13.6 kilograms (Horton & Gonzalez, 
2005). In a French study, it was hypothesized that carp jump to regulate the volume of their gas 
bladder, as both a way to gulp and expel air (Horton & Gonzalez, 2005).	  Carp were found to 
jump more frequently in deeper lakes, where there is a larger range of depths the fish may want 
to use. Filling up their gas bladder would allow them to adjust their depth (Horton & Gonzalez, 
2005). Carp could expel air from their gas bladder when they splash back into the water after the 
jump (Horton & Gonzalez, 2005). Although they can release air from their gas bladder 
underwater, carp may partake in this behavior to remove gas from their gas bladder rapidly after 
spending extensive time in deep waters (Horton & Gonzalez, 2005).	  	  
	  
5	  
	  
	  
	  
Sturgeons have a gas bladder, which is found in many Osteichthyan species (Alexander, 
2006). Depending on the species, the gas bladder may serve multiple purposes; it can be used to 
adjust a fish’s buoyancy, used as a respiration mechanism, and used to help perceive and produce 
sound (Alexander, 2006). Fish of Actinopterygii, including Polyodontidae, Acipenseridae, 
Lepisosteidae, Amiidae, and Teleostei, have gas bladders (Longo et al, 2013). Sturgeons 
(Acipenseridae) and their close relative, paddlefishes (Polyodontidae), have the oldest form of 
the gas bladder (Longo et al, 2013). Gas bladders and lungs have overall been found to have 
similar functions, similar morphology, and similar protein use, suggesting they are related. 
(Longo et al, 2013). A study found sturgeons and paddlefish have a pair of arteries similar to 
pulmonary arteries in lungs, supporting the hypothesis that gas bladders are a modification of 
lungs (Longo et al, 2013). Species from each group of Actinopterygii have been observed 
jumping out of the water. Paddlefish, a freshwater fish, have been observed jumping during 
warm weather periods (Bayless & Yasger, 2004). Teleosts, like carp, are known for their 
jumping behavior (Horton & Gonzalez, 2005). Lepisosteidae (gars) and Amiidae (Bowfin) have 
also been observed jumping from the water.   
Sturgeons, and many Actinopterygii, specifically have a physostomous gas bladder 
(Wilga and Lauder, 1999). This type of gas bladder has a duct that connects the gas bladder to 
the gut (Helfman, 1997). A fish with a physostomous gas bladder can fill their gas bladder by 
rising in the water column or gulping air at the surface (Helfman, 1997). The amount and 
composition of gases in a swim bladder changes with depth due to changes in pressure 
(Kanwisher and Ebeling, 1957). The percentage of oxygen increases with depth while the 
percentage of nitrogen decreases (Kanwisher and Ebeling, 1957). When hydrostatic pressure 
changes, a fish must absorb or eliminate gas from the swim bladder to adjust its buoyancy 
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(Kanwisher and Ebeling, 1957). In a tidal area, even if the fish remains at a certain height above 
the substrate, the hydrostatic pressure on the fish will change due to changes in water depth with 
the changing tide. Water pressure changes as the tide changes, so sturgeon may leap out of the 
water to adjust gas pressure changes in their gas bladders. Volume of gas increases with 
decreasing pressure.  When the tide ebbs, the water pressure decreases causing the volume of the 
gas bladder to increase. This would cause the fish to become positively buoyant, which would 
destabilize the sturgeon’s position on the bottom, but to solve for this problem, sturgeons can 
release air from their gas bladder underwater.  As the tide floods, the water pressure increases, 
causing the volume of the gas bladder to decrease. A small volume of gas in the gas bladder can 
stabilize a sturgeon’s position at a certain depth, but limit their abilities to move deeper. Sturgeon 
may jump to inhale air at the surface to inflate their gas bladder so they may regulate depth.  
I used data collected from the Penobscot River to investigate the depth and jumping 
patterns of sturgeon in critical habitat near river km 21. I considered three hypotheses: (1) the 
depth of the sturgeon should increase with the incoming tide and decrease with the outgoing tide 
if the fish does not move from its location at the bottom of the river, (2) as a demersal species, it 
may be expected that sturgeons will remain at the bottom of the water column the majority of 
their time spent in the river and (3)  due to changes in water pressure relative to the tidal cycle, 
sturgeons jump to adjust the volume of their gas bladder in order to regulate depth.  
The purpose of this project was to investigate sturgeon jumping and depth patterns in 
critical habitat to expand knowledge on the endangered and threatened sturgeon populations in 
Maine waters.  
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Methods 
Data used for analyses in this project were collected during a sturgeon monitoring project 
that began in the Penobscot River in 2006. Atlantic sturgeon and shortnose sturgeon were 
caught with gill nets, and individually tagged with acoustic transmitters if they were in good 
condition. Since 2006, 43 Atlantic sturgeon and 104 shortnose sturgeon have had acoustic 
transmitters surgically implanted. Of these, 16 Atlantic and 53 shortnose sturgeons had tags 
with pressure sensors that are used to record depth. Fish species, length, maturity, and various 
other measurements were taken when the fish was removed from the water. Each sturgeon was 
returned to the location where it was caught. 
Acoustic transmitters were unique to each fish and the subset indicated above recorded 
temperature and water pressure. The acoustic transmitters produce a signal at a frequency of 69 
kHz every 90-120 seconds. Acoustic receivers were deployed at multiple locations throughout 
the Penobscot River.  Each receiver was attached to a mooring black and deployed on the bottom 
of the river. The receivers recorded acoustic transmissions at 69 kHz along with a time stamp. 
Receivers can receive transmissions from any tag within a 500 meter radius.  When a fish with 
tags for temperature and water pressure swam by a receiver, the time, identity of the fish, 
temperature, and depth were recorded by the receiver. The data were stored in the receiver and 
downloaded every couple of months. There were 39 monitoring sites that contained 83 acoustic 
receivers to collect the data (Figure 1).  
I analyzed a subset of data collected over seven years that comprises data for 69 
sturgeons (Table 1).  I used a sample size of 20 sturgeons, six Atlantic sturgeons and fourteen 
shortnose sturgeons. I focused on data from one section of the river known for sturgeon 
congregation and leaping. This is approximately river kilometer number 21, the region known 
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as Bucks Ledge, and it is an important habitat for sturgeons of the Penobscot River (Figure 1). 
Atlantic sturgeon in the sample had a mean total length of 127.3 centimeters with a mean mass 
of 12.1 kilograms (Table 2). Atlantic sturgeon total length range was 106.0-144.0 centimeters, 
with a mass range of 7.5–18 kilograms. Shortnose sturgeon total length sample mean was 97.4 
centimeters with a mean mass of 5.4 kilograms (Table 2). Shortnose sturgeon total length range 
was 78.0-133.0 centimeters, with a mass range of 2.0-13.0 kilograms (Table 2). The mean total 
length and mean mass of Atlantic and shortnose sturgeons were statistically different using a 
student’s T-test (Table 3).   
I used the receiver data to plot depth of individual sturgeon over time for both shortnose 
(Figure 6) and Atlantic (Figure 7) sturgeons. I used tidal charts to find the times and change in 
tidal height at this section of the river.  Tide data were used to create a sine wave representing 
tidal height. I overlapped the sine wave with the sturgeon depth data to visually examine how 
tidal height correlated with sturgeon depth.  I separated sturgeon depth patterns into two 
categories: depth patterns where depth varied directly with tidal height (tidal), and depths that 
were not tidal (random). Tidal height was defined as the difference of water level from mean 
water level at that section of the river. I identified the proportion of time these categories were 
recorded, measured in tidal cycle with one tidal cycle consisting of two low and two high tides, 
over the number of days the sturgeon were present in the region of the receiver, for the two 
species during each season. Equinoxes and solstices were used to determine season start dates.  
I used a correlation analysis to find a Pearson product-moment correlation coefficient 
between -1 and 1 on sections of data for 10 fish to numerically support movements that appear 
graphically tidal. The relationship between tidal height and sturgeon depth was considered 
significant if the correlation coefficient was greater than 0.4. This would also indicate a positive 
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relationship between tidal height and sturgeon depth. I used a Hotelling’s T-squared test to 
assess whether there was a significant difference in the frequency of the proportion of random 
and tidal movements by each species during each season. I used the Hotelling’s T-squared test 
to also investigate whether there was a difference in the proportion of tidal behavior between 
the two species during each season.  
I used depth data to investigate whether sturgeon jumping correlated to a specific phase 
of the tidal cycle. I identified water depths less than a half meter as possible jumping events. A 
sturgeon jump takes approximately seven seconds from initiation to completion, with 1-2 
seconds spent in the air (Sulak et al., 2002). The ping rate (90-120 seconds) of the tags was too 
long to verify if the depth point less than 0.5 meters was actually due to jumping rather than just 
a movement to a shallower area. This is because the ping was not frequent enough to provide 
data during the entire seven second process of a jump.  Using tidal charts, I investigated whether 
the “jumping” occurred at a certain time in the tidal cycle. For each recorded depth of less than 
0.5 m, the tidal stage (ebbing or flooding) was recorded. Factors such as tide, time of day and 
date were considered as they related to the jumping points.   
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Results 
Three hypotheses were investigated: (1) the depth of the sturgeon should increase with 
the incoming tide and decrease with the outgoing tide if the fish does not move from its location 
at the bottom of the river, (2) as a demersal species, it may be expected that sturgeons will 
remain at the bottom of the water column the majority of their time spent in the river and (3)  due 
to changes in water pressure relative to the tidal cycle, sturgeons jump to adjust the volume of 
their gas bladder in order to regulate depth. 
 
Observed depth patterns 
Of the 20 fish sampled, all six Atlantic sturgeon and 11 of the 14 shortnose sturgeon were 
observed remaining at the bottom of the water column for extended periods of time. This 
behavior was indicated by sturgeon depth that graphically resembled the tidal cycle. As tidal 
height increased, the sturgeon depth increased, and as tidal height decreases, so did the 
sturgeon’s depth. Sturgeon may remain largely on the bottom for many days (Figure 4). Fish 
coded 33-34 (Figure 4) had depth patterns over a three day period which displayed a strong 
correlation with the tidal height (Pearson’s coefficient of correlation =0.818, R² = 0.669, p 
<0.00001). Different fish had tidal depth patterns over varying (shorter or longer) lengths of 
time, such as the Atlantic sturgeon with depth codes 49-50 (Figure 5). This fish had a depth 
pattern correlated with the tidal cycle for an entire day, with a 0.775 Pearson’s coefficient of 
correlation (R²=0.6009, p =0.00001) (Figure 5). Fish may show a depth largely based on the tidal 
cycle, but have a lower correlation coefficient, such as fish 131-132 with a correlation of 0.637 
(R² = 0.4053, p<0.00001)  (Figure 3). This may indicate that the fish moved more at the bottom 
of the water column. Ten correlations (Figure 3) show fish displaying tidal periodicity in their 
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depth use, at depths ranging from 8 to 20 meters. Bucks Ledge has a maximum depth of 
approximately 50 meters (Figure 2), so these fish must be in a shallower section of the river than 
the deep center of the channel.   
Despite high correlations between tide and sturgeon depth, the slopes of the correlation 
graphs show there is some variability in fish movements at the bottom of the water column 
(Figure 3). Slopes ranged from 0.5686 to 1.385 (Figure 3). Slopes greater than one indicate the 
fish depth is changing greater than the tidal height, while slopes less than one indicate the fish’s 
depth is changing less than the tidal height. A fish with a slope less than one may be moving 
upwards in the water column, possibly to a shallower part of the river to keep a shallower depth, 
as the tide floods. The fish may head back down towards the bottom as the tide ebbs, to move to 
deeper depths. These slight movements cause their depth to change less than the tidal height.  
The correlation graph for fish 33-34 has a slope of 0.8083, indicating the fish’s depth was 
changing less than the tidal height (Figure 4). This slope is significantly not equal to one 
(p<0.0001) (Table 8). Looking at the graph of the fish’s movement, the fish’s depth obviously 
reflects tidal periodicity (Figure 4). So, although the fish may be adjusting its depth slightly, it is 
still remaining towards the bottom of the water column and still has depths that reflect the tide. 
Fish 49-50 correlation graph has a slope of 1.0719 (Figure 5). This means the fish’s depth was 
changing slightly more than the tide was changing, but the results of the linear regression showed 
that 1.0719 was not significantly far from 1 (p = 0.388)(Table 8). This indicates the fish was 
mainly remaining at one position on the bottom. Of the ten correlations, half of them had slopes 
significantly different from one (Table 8). This indicates half of the fish were remaining at one 
position towards the bottom of the water column while the other half were moving to slightly 
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shallower or deeper areas as the tide was changing. Most of the slopes that were not significantly 
equal to one were slopes of less than 1 (Table 8), indicating that if the fish is moving, it may be 
moving to keep its depth from changing as much as the tide.  
Of the days that the Atlantic sturgeon were present near the receiver at Bucks Ledge, they 
spent a higher proportion of their time in the Bucks Ledge reach than the shortnose sturgeon did 
during the days that they were present (Table 4). Shortnose sturgeon observed depths seem to 
display more random depth patterns than tidal depth patterns for each season (Table 4), though 
there was not a statistically significant difference (Table 5). Atlantic sturgeon depths were more 
consistently related to the tide than random in spring and fall, with a slightly higher mean of 
random depth patterns than tidal in summer (Table 4). Only fall depth patterns showed a 
statistically higher tidal periodicity than random movements for Atlantic sturgeon (Table 6). 
There was a great deal of variability of the mean proportion of time spent in the system per days 
present, indicated by wide standard deviations, some of which were just as large as the mean 
(Table 4). This impacted the statistical results by causing few statistically significant differences 
between behaviors and species (Table 5-7).Atlantic sturgeon spent a statistically higher 
proportion of time at depths directly related to tidal height than shortnose sturgeon did in 
summer and fall (Table 7).  
Jumping Patterns 
 There were 14 fish that had depths of less than 0.5 meters, with 8 having multiple points 
less than 0.5 meters (Figure 8). The set of 14 fish included ten shortnose sturgeons and four 
Atlantic sturgeons. In total, there were 33 recorded depths of less than 0.5 meters. Out of the 33 
points, 24 occurred during a flood tide (73%), with only nine (27%) occurring on the ebb tide 
(Figure 9). Two of these ebb tide points were within 40 minutes of low tide (Figure 8).Of the 33 
	  
13	  
	  
	  
	  
points, 45% occurred within two hours on either side of low tide, with 67% occurring within 
three hours on either sides of low tide (Figure 10). There were 12 of the 33 points (36%) that 
occurred when the tidal height was less than one meter (Figure 8).  There were 10 points (30%) 
that occurred in the early morning (between 1:00 AM and 6:00 AM) (Figure 11), with seven of 
them occurring when the tidal height was below one meter and within two hours of low tide 
(Figure 8). Jumping points were most frequent in the early morning and evening (Figure 11). 
There was not a sufficient amount of data to confirm whether these shallow water events were 
actually the sturgeon jumping.  
Four Atlantic sturgeons had jumping points, with one Atlantic sturgeon having two 
jumping points. Three of these points occurred during an ebb tide, with only two occurring 
during the flood tide (Figure 8N-Q). One fish jumped sixteen minutes after low tide (Figure 8Q). 
Only one of the five points occurred more than three hours before or after low tide (Figure 8P). 
All of the jumps occurred in the summer, but the times the jumps occurred were distributed 
throughout the day, with no peak time of day (Figure 8N-Q). For four of the jumps, the next 
recorded depth was greater than four meters deep (Figure 8N-Q).    
There were 28 jumping points for ten shortnose sturgeons. Of these 28 jumping points, 
there were 22 points that occurred during flood tide and six points that occurred during ebb tide 
(Figure 8A-M). Ten of the 28 points occurred more than three hours before or after low tide 
(Figure 8A-M). The majority of jumping points occurred in summer, with only three points 
occurring in spring (Figure 8F&I). Many of the jumping points occurred in the evening or early 
morning, with only two points occurring in the afternoon (Figure 8F&K). For many fish, the 
recorded depth was greater than six meters, several minutes to a couple hours after the jump 
(Figure 8).  
	  
14	  
	  
	  
	  
There were three fish that had shallow depths, less than 0.5 meters between 6:00PM and 
7:30PM on 7/2/08, in total nine jumping points (Figure 8B,C,O). All of these points occurred 
within three hours after low tide, on the flood tide (Figure 8B,C,O). Five of these jumping points 
were the same shortnose sturgeon, spread out in 5+ minute intervals, without any deep depths 
recorded in between (Figure 8C). One Atlantic sturgeon had one jumping point that occurred 
within minutes of jumps by the shortnose sturgeon already mentioned (Figure 8O). There were 
three jumping points for another shortnose sturgeon in this time interval as well (Figure 8B).   
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Discussion:  
 For most sturgeons of the sample set, observed sturgeon depth patterns showed depth 
varying directly with tide for some duration of the sturgeon’s time spent at Bucks Ledge. There 
was graphical and correlational evidence for tidal periodicity in their depth use over multiple 
tidal cycles (hypothesis 1). These observed depth patterns imply the sturgeon is remaining at one 
location, or swimming at the same distance above the substrate as the tidal height is changing 
over them. Contrary to hypothesis 2, the demersal sturgeon spends a fair amount of time doing 
behavior other than remaining at the substrate, indicated by the significant amount of mean 
random depth patterns. Depth patterns varied between shortnose and Atlantic sturgeon, with 
Atlantic sturgeon displaying more tidal than random depth patterns, and shortnose sturgeon 
displaying more random than tidal patterns. Atlantic sturgeon statistically had a higher 
proportion of tidal periodicity than shortnose sturgeon. Each species had minimal seasonal 
differences in observed depth patterns. Sturgeons jumped more frequently at certain stages of the 
tidal cycle, suggesting a link between sturgeon jumping and gas bladder function (hypothesis 3). 
The majority of jumping points (73%) occurred during flood tide, and 67% of jumping points 
occurred within three hours on either side of low tide.  
 One of the largest differences in depth patterns between species was in fall, when 
Atlantic sturgeons displayed mean tidal patterns for 52% of the time they were present in the 
area, compared to the 22% of time showing tidal patterns of shortnose sturgeon in the fall. 
Atlantic sturgeon also showed more tidal than random patterns in this season. For the number of 
days present, Atlantic sturgeon and shortnose sturgeon combined tidal and random fall mean was 
0.81 and 0.45, respectively, , indicating that Atlantic sturgeon have a greater presence overall 
during the fall. There were fewer Atlantic sturgeons tagged than shortnose sturgeons; therefore 
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these estimates are based on a smaller sample size of Atlantic sturgeons. Perhaps the small 
sample used this area more extensively in the fall than the whole population. Atlantic sturgeons 
leave the river system in late October, whereas at this time shortnose sturgeons are heading up 
the river to overwintering habitats (Fernandes et al. 2010). Similarly, in the Saint John River 
estuary, shortnose sturgeons were found to leave foraging grounds by the end of September to 
move to overwintering locations (Dadswell, 1979). Shortnose sturgeons tend to reach 
overwintering habitats by mid-October in the Penobscot River (Fernandes et al. 2010). Atlantic 
sturgeon may be using early fall as an opportunity to forage along the substrate before making 
the journey down river, meaning their observed depths would appear more tidal.  
 Atlantic sturgeon have an overall greater presence at Bucks Ledge than shortnose 
sturgeon, with shortnose sturgeon remaining on average in this area no more than 50% of the 
time on the days they show up at the area.  In contrast, Atlantic sturgeons are on average in this 
area no less than 50% of time on the days they are present. Once reaching this area, Atlantic 
sturgeon have been found to typically not move extensively in the river, except for when they are 
moving into or leaving the Penobscot River, at least from 2006-2007 data (Fernandes et al. 
2010). Atlantic sturgeon may even be in the general area of the river for more time, but are 
outside the radius of the receiver. In contrast, shortnose sturgeons move up and downstream 
more frequently. In spring, shortnose sturgeon have been found to move downstream between 
river kilometers 10 and 24.5, and in summer they may move upstream  as far as  river kilometer 
42 (Fernandes et al, 2010). Shortnose sturgeons have even been documented moving into 
Penobscot Bay and leaving the Penobscot system in late spring and early summer (Fernandes et 
al, 2010). In the Saint John River estuary, shortnose sturgeon populations were found to move 
upriver in summer (Dadswell, 1979). So from these river movement habits, it may be expected 
	  
17	  
	  
	  
	  
that Atlantic sturgeon would spend more time in the Bucks Ledge area, and less so for shortnose 
sturgeons. Size may also play a role in sturgeon presence at Bucks Ledge. There was a 
significant difference in total length and mass of Atlantic and shortnose sturgeons (Table 3). The 
shortnose sturgeons were on average lighter and shorter than the Atlantic sturgeons, therefore 
they may have depth patterns representing more random movements taking them in and out of 
the Bucks area frequently. 
 Sturgeons are known for feeding at the bottom of the water column along the substrate 
(Bain, 1997). Bucks Ledge area is known as a forging habitat for sturgeon, with spionid 
polychaetes being a common food source during all seasons sturgeon are present (Dzaugis, 
2013). A study found stomach contents of Atlantic sturgeon contained more spionid polychaetes 
than shortnose sturgeon in summer (Dzaugis, 2013). There was a significant difference in the 
proportion of tidal depth periodicity between Atlantic and shortnose sturgeon in summer. An 
Atlantic sturgeon with more spionid polychaetes in its stomach shows more foraging behavior 
along the substrate at Bucks Ledge, so Atlantic sturgeons are most likely using this tidal behavior 
to forage. Shortnose sturgeon, with more observed random depth patterns than tidal, are perhaps 
more actively seeking out food sources at different depths and possibly at locations outside of the 
Bucks Ledge area.   
There was a lot of variety of both identified depth patterns, indicated by large standard 
deviations from the mean (Table 4). Factors like age and size may be additional factors 
influencing behavior that led to the observed depths. With a wide range of lengths in the sample 
set (Table 2), it may be expected that there would be a range of behavior leading to variations in 
depth patterns. Atlantic sturgeons grow larger than shortnose sturgeon, and even within each 
species larger fish may be older while the smaller fish may be younger, suggesting possible 
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different behavioral patterns. Sturgeons have been found to behave and use habitats differently 
when they are not spawning versus those that are nearing a spawning year (Bain, 1997). As data 
in my study was from multiple years, it is possibly that spawning sturgeons with varied behavior 
could have influenced behavior variability. Shortnose sturgeon subadults have been found to 
feed on different prey sources than their adult counterparts (Bain, 1997) which may lead them to 
different areas for a prey, a factor that could also influence variability of behavior of tagged 
sturgeon because many sturgeons tagged where known to be subadults.  
An unexpected result of this study was the high proportion of random behavior in 
Atlantic sturgeon, especially during the summer. Perhaps if the Atlantic sturgeons are moving at 
the edge of the receiver’s range, some of their behavior would appear random. Sturgeon have 
been found to forage at Bucks Ledge, especially in the summer, so perhaps they were moving 
along different depths of the river bed foraging.   
 Jumping patterns included the majority of jumps occurring during the flood tide (73%) 
and during times where the hydrostatic pressure was lowest, within three hours on either side of 
low tide (67% of points). A total of 17 of the 33 points (51%) occurred when both these 
conditions were true. These results indicate a possible connection between sturgeon jumping and 
gas bladder function.  
Sturgeon may be jumping to gulp air at the surface as a form of depth regulation. Jumps 
occurred most frequently on the flood tide, when water height and hydrostatic pressure is 
increasing. An increasing tidal height would decrease the size of their gas bladder, so perhaps 
sturgeons are jumping to gulp air to refill their gas bladder. At low tide, pressure is low and the 
volume of the gas bladder is high, but the fish may regulate this volume, and therefore their 
buoyancy and depth, by releasing air underwater. If a fish on the bottom had been releasing air to 
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be stable in its position at the bottom of the water column as the tide was ebbing, then when the 
tide floods, increasing hydrostatic pressure, the sturgeon’s gas bladder begins to become even 
smaller. Therefore, the fish may jump as the tide floods to prepare for high tide, when pressure 
will be highest and the volume of the gas bladder will be lowest. Adding this air to their gas 
bladder gives them greater flexibility to move through the water column after the jump and 
during high tide.  
A study on Chinese sturgeons in the Yangtze River hypothesized sturgeon jump to fill 
their gas bladders (Watanabe et al. 2008), though they did not consider tidal height changes as in 
my study. They observed sturgeon swimming off the river bed, jumping, and then returning to 
the water and diving to deeper depths (Watanabe et al. 2008). A full gas bladder at the surface 
would decrease in volume with depth, allowing the fish to go deeper while maintaining a neutral 
to negative buoyancy (Watanabe et al. 2008). The four fish that were jumping in the study had 
average depths in shallow water (31m, 10m, 7.2m, and 10m)(Watanabe et al. 2008), similar to 
the fish in my study. The pattern of returning to deeper depths than before the jump seems 
present in many of my observations, though due to the depth data points not occurring several 
minutes to hours after the jumping point, partially due to the 90-120 s ping rate, one cannot be 
completely confident that they jumped to achieve deeper depths directly after the jump. If 
gulping air was the case though, interestingly only one sturgeon jump was close to high tide. At 
high tide, the pressure would be the greatest, therefore the swim bladder the smallest. So this 
would be the time to gulp air, though is not the case.  By high tide, perhaps their gas bladder is at 
such a low volume from previous depth regulation by releasing air underwater, unless they had 
jumped already to gulp air, that they are too negatively buoyant to propel themselves out of the 
water. Also, at high tide, the currents are slack. Perhaps sturgeons use the higher current speeds 
	  
20	  
	  
	  
	  
of mid tides to help jump out of the water. They wouldn’t get this extra propulsion at high tide, 
so perhaps slack current contributes to the lack of jumping points around high tide.  
An alternative hypothesis is that these fish are expelling air. During the three hours 
before low tide, the fish has been enduring decreases in pressure and an increase in swim bladder 
volume for up to six hours. Three hours before and after low tide is when hydrostatic pressure is 
at its least. Fish therefore may jump in this time period to relieve air in their bladder to reduce 
buoyancy and return to deeper depths. For the jumping points that occur soon after low tide, 
perhaps the tide is not flooding fast enough to relieve the positively buoyant swim bladder.  
 Whether sturgeons are jumping to expel or to gulp air, though gulping air seems more 
probable, changes in tidal height affecting hydrostatic pressure seems to have an impact on the 
gas bladder of sturgeon and their jumping habits. Jumping appears in many fish species that have 
a gas bladder, including animals that diverged before sturgeons, paddlefish, and animals that 
evolved later, such as carp (Longo et al, 2013). Jumping is a behavior found in both small and 
large fish with many different hypotheses explaining why these fish jump, such as escaping 
predators, catching prey, or for migration (Longo et al, 2013). Perhaps jumping started as a way 
to regulate volume of gas bladder, and could still remain as a purpose for jumping, but other uses 
for jumping developed as fish and the gas bladder evolved. For sturgeons in a tidal area where 
hydrostatic pressure is changing, impacting the volume of their gas bladder, it appears as if 
jumping could be a suitable mechanism to regulate volume of their gas bladder and their depth.   
 The long ping rate made it difficult to be confident that jumps identified as jumping 
points were jumps, especially when considering the speed that the fish is launching itself out of 
the water and the chance the ping rate being able to just capture the moments they are in the top 
0.5 meters of the water. Out of 69 sturgeons though, and over hundreds of thousands of data 
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points, there were 33 depths of less than 0.5 meters. Considering all the depth points for these 69 
sturgeons, it seems likely that some of these points identified as jumping points could be actual 
jumps.  
Despite being unable to be confident from the surrounding depth points around the time 
of the jumping point, it is worth noting that the distribution of jumps throughout the day 
somewhat resembles Sulak et al (2002) graph depicting the frequency of jumps throughout the 
day. Sulak et al (2002) too found peaks of jumping during early morning and evening, and low 
frequencies of jumping during the afternoon. This increases the confidence that many of the 
points identified as jumping points could be jumping, while also posing the question of why they 
are jumping most frequently during early morning and evening. This may just coincide with the 
time of day where the fish are more active. As demersal animals living in cool, dark waters, 
perhaps they do not want to rise into bright, warm waters during the day, especially in summer 
time. So they may remain less active during the day and desire greater depth flexibility when 
there is low light. If the fish was remaining in relatively deeper water during the day and they 
hadn’t been jumping, by evening they may want to jump and gulp air at the surface so they may 
have greater depth regulation for forging activities under low light conditions. Shortnose 
sturgeons have been observed to move into shallower areas at night (Kynard et al. 2000), so to be 
able to move from deeper to shallower areas at night, the fish may want to fill its gas bladder. 
This may especially be the case as the tide is coming in, making a sturgeon’s gas bladder even 
smaller and making the fish more negatively buoyant.  
 An alternative hypothesis for jumping is for communication purposes, such as to keep a 
group of sturgeons together (Sulak et al (2002). There were nine jumping points that occurred on 
July 2, 2008 occurring between 6:10PM and 7:30PM, with 3 different fish (2 shortnose and 1 
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Atlantic) involved. Perhaps this was some kind of communication between sturgeon. These 
jumps occurred relatively close to low tide. Slack tides are generally considered to be less noisy 
than during mid-tide when the currents are faster. So if fish are jumping for communication 
purposes, around low tide or high tide, when the river is quieter, could be an optimal time to 
jump to insure their message is heard. These jumps also occurred in the evening. Perhaps there is 
less human activity at this time that makes it preferable for sturgeon communication.  
 More research could be done to further investigate differences in behavior in Atlantic and 
shortnose sturgeon. This study used a sample size of 20 sturgeons, out of 69 sturgeons detected 
at Bucks Ledge. Expanding the sample size, to possibly include all these sturgeons, may provide 
more consistent behavior patterns with less variability. Factors such as fish size and age might be 
considered as well. Jumping could be further explored by investigating points less than 0.5 
meters in other sections of the river to see if patterns found in this study persist. Jumping could 
be examined in other rivers as well, such as the Kennebec where sturgeons are also known to 
reside and jump. Jumping could also be explored by field observations at Bucks Ledge to 
document the times sturgeons are seen jumping and compare these times to the tidal cycle. 
Alternatively, a trigger camera, that would be motion sensitive, could be set up to record jumping 
sturgeons over an extended period of time. The alternate hypothesis of jumping to communicate 
for congregation purposes could be investigated by looking at fish behavior at Bucks Ledge 
collectively. Extending research beyond this study could provide additional insights on sturgeon 
depth preferences and jumping patterns in rivers of Maine.   
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Figures:  
   
Figure 1: Schematic of the Penobscot River from Fernandes et al., 2010.  Each acoustic receiver is 
indicated by a circle in the left panel and river kilometers are indicted by numbers on the right 
panel. Note that Veazie Dam, at river km 48, has been removed. 
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Figure 2: Bathymetric map of the Bucks Ledge area of the Penobscot River with receiver 
approximate location.  
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Figure 3: Correlations between sturgeon depth (m) and tidal height (m) for eight different fish. 
Fish on the left are shortnose sturgeon, and fish on the right are Atlantic sturgeon. Each shows a 
correlation that indicates there is a relationship between sturgeon depth and tidal height for some 
amount of time.  
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 Figure 4: Fish 33-34, a shortnose sturgeon, displays behavior in which its tidal height changes 
with the tide for multiple days. This gives a positive correlation of 0.818.  This means the fish 
remains at the bottom of the water column, despite the changes in tidal height occurring.	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Figure 5: Fish 49-50, an Atlantic sturgeon, displays behavior in which its tidal height changes 
with the tide for almost one day. This gives a positive correlation of 0.775.  
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Figure 6: Sturgeon depth over time for shortnose sturgeon coded 5-6 with dates from June 
through August.  
	  
	  
Figure 7: Fish depth over time for an Atlantic sturgeon 131-132 in July.  
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Figure 8: Seventeen jumping graphs for 14 different fish. Graphs display the time of year the 
jumping point occurs, what point in the tidal cycle the jumping point occurred, and the 
surrounding depth data points. Blue points represent sturgeon depth. Tidal height is represented 
by the red sine curve. The green dashed line shows the 0.5 meter mark that was used to 
determine jumping points.  
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Figure 9: The percentage of jumping points during the flood and ebb tide. The majority of points 
occurred during the flood tide.  
 
 
	  
	  
Figure 10: The time distribution relative to low tide of the jumping points, sorted by the number 
of hours within low tide the jumping point occurred. The highest frequency of jumping points 
was between 1 and 2 hours within low tide, with the lowest frequency 5-6 hours with low tide,  
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Figure 11: Depicts time of the day jumps occurred. Jumping points were most frequent between 
5:00 PM and 9:00 PM. Jumps are known to occur more frequently at dawn and dusk, and 
sparsely through midday.	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Tables:  
 
Table 1: The number of Atlantic sturgeon and shortnose sturgeon with depth tags from 2007-
2014.  
 Number of individuals with depth tags in each year 
2007 2008 2009 2010 2011 2012 2013 2014 
Atlantic 
Sturgeon 
6 12 9 5 0 0 0 0 
Shortnose 
sturgeon 
22 20 12 12 13 1 0 3 
 
Table 2: Size distribution of Atlantic and shortnose sturgeons of the 20 sturgeon sample size 
used for depth analysis. Total length (TL) in centimeters and mass in kilograms were considered.  
 Atlantic sturgeon Shortnose sturgeon 
 Mean standard 
deviation 
SEM Mean standard 
deviation 
SEM 
TL 127.3 13.5 5.53 97.4 12.0 3.21 
Mass 12.1 4.1 1.69 5.4 2.3 0.63 
 
Table 3: The results of a student’s T-test used to determine if the total length (TL) and mass of 
Atlantic and shortnose sturgeon used in the sample set were significantly different.  
TL Mass 
t = 4.9278 t = 4.7124 
df =18 df = 18 
two tailed P = 
0.0001 
two-tailed P = 
0.0002 
Significantly 
different 
Significantly 
different 
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Table 4: The mean, standard deviation, standard error of the mean, and sample size of tidal and 
random behavior for Atlantic and shortnose sturgeon in spring, summer and fall. Tidal behavior 
was depth data points that fluctuate with the tide, and random behavior was any behavior that 
was non-tidal.  
 Species Atlantic sturgeon Shortnose sturgeon 
Depth 
Pattern 
Tidal  Random Tidal  Random 
Season Spring Mean 
 
0.368 0.277 0.201 0.277 
Standard 
deviation 
0.283 0.172 0.202 0.152 
Standard 
error of the 
mean 
0.127 0.127 0.0715  0.0440 
Sample size 5 6 8 12 
Summer Mean 
 
0.316 0.340 0.164 0.257 
Standard 
deviation 
0.180 0.0835 0.141 0.147 
Standard 
error of the 
mean 
0.0735 0.0341 0.0426 0.0409 
Sample size 6 6 11 13 
Fall Mean 
 
0.521 0.291 0.215 0.238 
Standard 
deviation 
0.169 0.164 0.132 0.175 
Standard 
error of the 
mean 
0.0844 0.0733 0.076 0.0782 
Sample size 4 5 3 5 
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Table 5: The results of a Hotellings t-test used to compare the mean proportion of time shortnose 
sturgeon spent on random and tidal behaviors each season. The null hypothesis was accepted for 
each season, indicating no statistically significant difference between behaviors.   
 
species Shortnose sturgeon Shortnose sturgeon Shortnose sturgeon 
season spring summer fall 
Null  Random mean = Tidal 
mean 
Random mean = Tidal 
mean 
Random mean = 
Tidal mean 
s 0.173 0.145 0.162 
t 0.9599 1.579 0.194 
df 18 22 6 
alpha 0.05 0.05 0.05 
t critical 1.7341 1.7172 1.9432 
Accept or 
Reject Null 
hypothesis 
Accept Accept Accept 
 
 
Table 6: The results of a Hotellings t-test used to compare the mean proportion of time Atlantic 
sturgeon spent on random and tidal behaviors each season. There is a 95% confidence that the 
mean tidal and random behaviors are significantly different.  
species Atlantic sturgeon Atlantic sturgeon Atlantic sturgeon 
season spring summer fall 
Null  Random mean = Tidal 
mean 
Random mean = Tidal 
mean 
Random mean = 
Tidal mean 
s 0.228 0.14 0.166 
t -0.663 0.293 -2.07 
df 9 10 7 
alpha 0.05 0.05 0.05 
t critical 1.8331 1.8124 1.8946 
Accept or 
Reject Null 
hypothesis 
Accept Accept Reject 
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Table 7: The results of a Hotellings t-test used to compare the mean proportion of time spent on 
tidal behavior between Atlantic sturgeon (ATS) and shortnose sturgeon (SNS). There was a 
statistically significant difference in tidal behavior between the two species in summer and fall.  
 
species Both Both Both 
season spring summer fall 
Null AST tidal mean = SNS tidal 
mean 
AST tidal mean = SNS 
tidal mean 
AST tidal mean = 
SNS tidal mean 
s 0.235 0.155 0.155 
t 1.244 1.942 2.589 
df 11 15 5 
alpha 0.05 0.05 0.05 
t critical 1.7959 1.753 2.015 
Accept or 
Reject Null 
hypothesis 
Accept Reject Reject 
	  
	  
Table 8: The results of a linear regression analysis on the slope of the 10 correlations of Figure 3. 
The null hypothesis is H0 = 1, with the alternate hypothesis Ha ≠ 1. Acceptance of the null 
hypothesis signifies that the fish’s depth is changing as much as the tide is changing, indicating 
the fish is remaining in one position above the substrate. This indicates the fish is not moving to 
shallower or deeper depths as the tide is changing. The null hypothesis is rejected if the 
significance level of p is less than 0.05.  
	  
Fish code Species slope t value P value Reject or 
Accept Null 
33-34 SNS 0.8083 -5.325 <0.0001 Reject 
49-50 AST 1.0719 0.867 0.388 Accept 
35-36 SNS 0.9425 -1.855 0.0639 Accept 
39-40 AST 0.6563 -6.336 <0.0001 Reject 
131-132 AST 0.7476 -6.004 <0.0001 Reject 
133-134 AST 0.8099 -1.810 0.0716 Accept 
179-180 SNS 0.8282 -2.441 0.0154 Reject 
47-48 AST 1.3853 5.236 <0.0001 Reject 
1-2 SNS 1.193 0.8506 0.4075 Accept 
9-10 SNS 0.5686 -2.099 0.0531 Accept 
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Appendices 
Appendix A: Complete fish data table  
	  
Fish tag 
ID 
Fish 
Speci
es 
Tempera
ture and 
depth 
codes 
Jumpi
ng 
 
0.5 
meters 
or less 
A 
lot 
of 
data
?  
Year 
tagg
ed 
Is there data for this year?  
20
07 
20
08 
20
09 
20
10 
20
11 
20
12 
20
13 
20
14 
1042789 AST 133-134 Yes Yes 2008  Yes Yes      
1042797 AST 39-40 Yes Yes 2008  Yes Yes      
1042799 AST 49-50 Yes Yes 2008  Yes Yes Yes     
1043695 
Odd tag 
AST 191-192 Yes Yes 2008  Yes Yes      
1054H SNS 213 Yes Yes 2006 Yes Yes       
1039844 SNS 1-2 Yes Yes 2007 Yes        
1098683 SNS 9-10  Yes Yes 2007     Yes    
1042792 SNS 29-30 Yes No 2008  Yes  Yes     
1042793 SNS 31-32 Yes No 2008  Yes       
1042794 SNS 33-34 Yes  Yes 2008  Yes Yes Yes     
1043689 SNS 179-180 Yes Yes 2007  Yes Yes      
1098680 SNS 3-4 Yes Yes 2010     Yes    
1098681 SNS 5-6 Yes Yes 2010     Yes   Yes 
1098684 SNS 12 Yes No 2010     Yes    
1042798 AST 47-48 No Yes 2008  Yes Yes Yes     
1042788 AST 131-132 No Yes 2008  Yes Yes      
5439H SNS 16-17 No Yes 2006 Yes        
1042795 SNS 35-36 No Yes 2008  Yes Yes      
1043687 SNS 82-83 No No 2007 Yes Yes       
1097673 SNS 220-221 No Yes 2010     Yes   Yes 
4309H AST 137-138 No Yes 2006 Yes        
4310H AST 139-140 No No 2006 Yes        
4311H AST 141-142 No Yes 2007 Yes Yes       
4312H AST 143-144 No Yes 2006 Yes        
4315H AST 149-150 No Yes 2007 Yes Yes       
5441H AST 21 No Yes 2007 Yes        
1042787 AST 129-130 No Yes 2008  Yes Yes Yes     
1042790 AST 135-136 No Yes 2008  Yes Yes Yes     
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Fish tag 
ID 
Fish 
Speci
es 
Tempera
ture and 
depth 
codes 
Jumpi
ng 
 
0.5 
meters 
or less 
A 
lot 
of 
data
?  
Year 
tagg
ed 
Is there data for this year?  
20
07 
20
08 
20
09 
20
10 
20
11 
20
12 
20
13 
20
14 
1043692 AST 185-186 No Yes 2008  Yes       
1043697 AST 195-196 No Yes 2008  Yes Yes Yes     
1050H SNS 209 No Yes 2006 Yes Yes       
1056H SNS 215 No No 2006 Yes        
4314H SNS 147-148 No Yes 2006 Yes        
4316H SNS 151-152 No No 2008  Yes Yes Yes     
4317H SNS 154 No No 2008  Yes Yes   Yes   
4318H SNS 155-156 No Yes 2008   Yes      
5402H SNS 108 No No 2006 Yes        
5403H SNS 109-110 No No 2006 Yes        
5404H SNS 111-112 No No 2006         
5405H SNS 113 No No 2006 Yes        
5406H SNS 115-116 No Yes 2006 Yes        
5407H SNS 117-118 No No 2006 Yes        
5408H SNS 119-120 No No 2007 Yes        
5408H SNS 119-120 No Yes 2007 Yes        
1039845 SNS 3-4 No No 2007 Yes        
1039846 SNS 6 No No 2007 Yes        
1039847 SNS 7-8 No Yes 2007 Yes        
1039849 SNS 11-12 No Yes 2007 Yes        
1042786 SNS 127-128 No No 2008  Yes       
1042791 SNS 27-28 No Yes 2008  Yes Yes      
1042796 SNS 37-38 No Yes 2008  Yes Yes      
1043685 SNS 78-79 No Yes 2007 Yes Yes       
1043686 SNS 80-81 No Yes 2009    Yes Yes    
1043688 SNS 84-85 No Yes 2007  Yes Yes      
1043690 SNS 182 No No 2008   Yes      
1043691 SNS 183-184 No Yes 2008  Yes Yes Yes     
1043696 SNS 193-194 No Yes 2008  Yes Yes Yes     
1044640 SNS 17-18 No Yes 2007 Yes Yes       
1044641 SNS 19-20 No Yes 2007 Yes Yes       
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Fish tag 
ID 
Fish 
Speci
es 
Tempera
ture and 
depth 
codes 
Jumpi
ng 
 
0.5 
meters 
or less 
A 
lot 
of 
data
?  
Year 
tagg
ed 
Is there data for this year?  
20
07 
20
08 
20
09 
20
10 
20
11 
20
12 
20
13 
20
14 
1060108 SNS 163 No No 2009    Yes     
1060111 SNS 169-170 No No 2009    Yes     
1060113 SNS 173-174 No Yes 2009    Yes Yes    
1060114 SNS 175-176 No Yes 2009    Yes Yes    
1060115 SNS 177-178 No Yes 2009    Yes Yes    
1063717 SNS 228-229 No Yes 2010     Yes    
1068449 SNS 234-235 No No 2009    Yes Yes    
1098679  SNS 1-2 No Yes 2010     Yes    Yes  
1098682 SNS 7-8 No No 2010     Yes    
1030848 SNS 9-10 No Yes 2007 Yes        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
	  
45	  
	  
	  
	  
Appendix B: Jumping points 
 
species tag 
code 
time edt depth 
(m) 
tidal height at 
recorded 
depth 
How long after 
closest low tide 
was jump 
Flood 
or 
ebb 
tide?  
SNS 12 8/11/11 3:39 AM 0.0002 -0.093313458 0:12 before Ebb 
SNS 12 8/11/11 4:09 AM 0.0002 0.142293378 0:18 Flood 
SNS 29-30 7/2/08 7:16 PM 0.4394 1.674915658 2:32 Flood 
SNS 29-30 7/2/08 7:23 PM 0.4394 1.799081844 2:39 Flood 
SNS 29-30 7/2/08 7:28 PM 0.4394 1.906498809 2:44 Flood 
SNS 31-32 7/2/08 6:14 PM 0.2196 0.870971705 1:30 Flood 
SNS 31-32 7/2/08 6:20 PM 0.2196 0.966578671 1:36 Flood 
SNS 31-32 7/2/08 6:25 PM 0.4394 1.069244105 1:41 Flood 
SNS 31-32 7/2/08 6:32 PM 0.2196 1.184322898 1:48 Flood 
SNS 31-32 7/2/08 7:03 PM 0.4394 1.804023213 2:19 Flood 
SNS 213 6/23/07 8:25 PM 0.313 2.697456224 4:34 before Ebb 
SNS 179-
180 
8/11/08 4:10 AM 0.4398 1.599693617 2:35 Flood 
SNS 1-2 5/28/11 3:52 PM 0.0002 0.730710251 1:04 Flood 
SNS 9-10 7/29/11 5:46 AM 0.0002 0.454722711 1:21 Flood 
SNS 9-10 7/30/11 4:30 AM 0.0002 0.343731353 0:38 before  Ebb 
AST 49-50 7/15/08 2:25 PM -0.0002 1.027360513 1:30 before Ebb 
SNS 5-6 6/29/11 6:17 PM 0.0002 1.342264827 2:03 Flood 
SNS 5-6 6/4/14 1:57 AM 0.4394 2.858391494 4:05 Flood 
SNS 5-6 6/4/14 2:05 AM 0.4394 2.933570095 4:13 Flood 
SNS 3-4 6/29/11 8:03 PM 0.0002 2.873446216 3:49 Flood 
SNS 3-4 6/29/11 8:09 PM 0.0002 2.939416961 3:55 Flood 
SNS 3-4 6/29/11 8:14 PM 0.0002 3.009051797 4:00 Flood 
SNS 3-4 6/29/11 8:41 PM 0.0002 3.305580088 4:27 Flood 
SNS 3-4 7/18/11 12:41 PM 0.0002 3.530592535 4:49 Flood 
AST 133-
134 
7/2/08 6:22 PM -0.0002 0.764413412 1:38 Flood 
AST 39-40 6/30/08 11:49 AM -0.22 1.526493602 2:56 before Ebb 
SNS 33-34 7/15/08 11:35 PM -0.0002 3.157611306 5:06 before Ebb 
SNS 33-34 7/15/08 11:45 PM 0.4394 3.078430543 4:56 before Ebb 
SNS 33-34 7/16/08 5:43 AM 0.4394 0.435488973 1:01 Flood 
SNS 33-34 7/16/08 5:49 AM 0.4394 0.476450837 1:07 Flood 
SNS 33-34 9/8/08 11:14 PM 0.2196 0.630030254 1:35 before Ebb 
AST 191-
192 
8/26/08 1:23 AM -0.879 0.316027823 0:16 Flood 
AST 191-
192 
8/26/08 9:34 AM 0.4398 2.22141884 3:44 before Ebb 
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Appendix C: Sturgeon sizes 
 
 
Fish tag 
ID 
Fish 
Species 
Temperature 
and depth 
codes 
Year 
tagged 
TL (cm) Mass 
(kg) 
1042789 AST 133-134 2008 122.4 8.5 
1042797 AST 39-40 2008 106.0 7.5 
1042799 AST 49-50 2008 144.0 18.0 
1043695 
Odd tag 
AST 191-192 2008 137.0 15.5 
1054H SNS 213 2006 84.2 2.5 
1039844 SNS 1-2 2007 104.2 7.75 
1098683 
Double 
tagged 
SNS 9-10  2010 97.1 5.5 
1042792 SNS 29-30 2008 99.4 7.0 
1042793 SNS 31-32 2008 109.0 7.0 
1042794 SNS 33-34 2008 88.0 4.5 
1043689 SNS 179-180 2007 100.8 5.5 
1098680 SNS 3-4 2010 99.1 5.5 
1098681 SNS 5-6 2010 87.7 3.5 
1098684 SNS 12 2010 95.3 4.5 
1042798 AST 47-48 2008 133.0 13.0 
1042788 AST 131-132 2008 121.5 10.0 
5439H SNS 16-17 2006 78.0 2.0 
1042795 SNS 35-36 2008 106.6 6.0 
1043687 SNS 82-83 2007 125.4 11 
1097673 SNS 220-221 2010 88.8 3.5 
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